Nrf2-mediated haeme oxygenase-1 up-regulation induced by cobalt protoporphyrin has antinociceptive effects against inflammatory pain in the formalin test in mice.
This study investigated the effect of haeme oxygenase-1 (HO-1) in nociception induced by formalin injection in the mice hind paw. Intraperitoneal (i.p.) administration of cobalt protoporphyrin (CoPP, an HO-1 inducer, 5mg/kg) 24h before the test, inhibited the nociceptive response during the second phase, but not during the first phase of the formalin test. The effect of CoPP was prevented by treatment with tin protoporphyrin (SnPP, an inhibitor of HO-1 activity) administered either by i.p. (25mg/kg, 30 min before the test) or intraplantar (400 nmol/paw, 5 min before the test) routes. Human embryonic kidney (HEK) 293T cells treated with 10 microM CoPP expressed 20-fold higher HO-1 levels when compared to controls; this effect was suppressed by transfection with the dominant negative for the nuclear factor-erythroid 2-related factor 2 (Nrf2). Western blot analysis also revealed that CoPP treatment induced a similar 20-fold increase in HO-1 expression in the paw; this effect was attenuated in knockout mice for Nrf2. CoPP treatment of wild-type, but not in Nrf2 knockout mice, resulted in a striking increase of HO-1 stained cells surrounding the muscular tissues of the hind limbs. HO-1 positive cells were scarce in wild-type and in Nrf2 knockout untreated mice. CoPP-induced HO-1 expression in Nrf2 knockout mice was lost and correlated with the loss of antinociceptive effects. In conclusion, Nrf2-mediated HO-1 expression induced an antinociceptive effect at peripheral sites. These results suggest that HO-1 modulates the inflammatory pain pathways. Hence, the development of drugs that could raise peripheral HO-1 could be relevant in inflammatory pain treatment.